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This letter proposes a simple test for the linearity of a time series. We compare the 
small and large samples properties of the suggested test via Monte Carlo techniques  
with well known  time domain linearity tests. Our results suggest that the suggested 
test  over performs the power of the  other competitive tests in small   samples.   
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I. Introduction 
        Many time-series encountered in practice exhibit characteristics that cannot be appropriately 
described by linear Gaussian models. For example, a Gaussian linear process {Zt} is time 
reversible, i.e., the distribution of {Zt1,…,ZtN} is the same as that of {ZtN,…,Zt1}. Deviations from 
this property are suggested by time-series where the number of ascending periods (i.e., periods 
with increasing observations) is systematically different from the number of descending periods
1.  
              In this type of situations, it is often necessary to relax the linear assumption, i.e., it is 
necessary to consider nonlinear models for the analysis of a time-series. Consequently, it is clear 
that, before modelling any time-series, it may be necessary to test it for linearity.  
                 This letter   presents a method to detect nonlinear dependencies in time series. It is a 
bicorrelation  nonparametric test based on a Box-Cox transformation. Using Monte Carlo results 
we compare the  properties of the suggested test with other four well known tests for such cases. 
These tests are the The Hinich Portmanteau Bicorrelation Test(1996), McLeodi -Li Test(1983), 
Test for nonadditivity Keenan (1985), ARCH  Test(1982) and the Luukkonen LST 1988 Test. 
According to our simulation results the suggested test is superior to the other tests in small and 
large samples. 
The plan of the paper is as follows.   In Section 2 we present the suggested tests. In Section 3, we 
present some nonlinear models and the Monte Carlo experiments. Conclusions are given in Section 
4.  
                                                 
1 The well-known series of the Wolf sunspot numbers is a good example of this pattern. Gaussian linear processes do 
not exhibit sudden bursts of very large amplitude at irregular time epochs. This sort of behaviour is commonly seen in 
seismological data, in particular explosion and earthquake data.  
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2. The Suggested   Linearity Test. 
  
The suggested test is based on the  Box-Cox
2 transformations of the original series
3  using the 
following relations: 
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             According to the relations (1)-(4)  in order to apply the suggested  test the only we have to 
do,  is conduct an iterative procedure for   1 1 ≤ ≤ − λ   and to estimate the autocorrelation function 
(2) and the Box-Pierce
4 statistic (2).We choose the value of λ  for the highest significant value of 









                                                 
2 Box, G.E.P., Cox, D.R., 1964 
 
3 When negative  Z values occur Box-Cox consider the family: 
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4 Box, G.E.P. & Pierce A.D.A ., 1970   4
 3. Monte  Carlo  Experiment  Results. 
          Many nonlinear models have been proposed in the literature with the objective of describing 
different characteristics exhibited by time-series encountered in practice and that cannot be 
appropriately accounted for by linear processes. The models we will consider in our study 
represent some of the most important classes of nonlinear processes that have been proposed in the 
literature. Excellent presentations of these models can be found in Subba Rao and Gabr (1984) and 
in Tong 1983 and Tong 1990. They are as follows: 
For our simulation experiment
5 we used the specification
6: 
  
 (i) Billinear (BL) model.                     Zt=0.4−0.5Zt−1+0.6Zt−1at−1+at 
 





(iii) Nonlinear AR                                        Zt=(0.004Zt−1+at)(0.55Zt−1)+at. 
 
(iv)  Nonlinear MA(NLMA)                   Zt=at−0.3at−1+0.5at−2+0.6atat−2−0.2at−1
2. 
 




                                                 
5 The computations were performed in RATS 5.00 with a program written by the author. This RATS code program is 
available on request. 
6    Wei  W.S& Paulo Teles 2000. 
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The alternative tests used for comparisons are : The Hinich Portmanteau Bicorrelation Test(1996), 
McLeodi -Li Test(1983), Test for Nonadditivity Keenan (1985), ARCH  Test(1982) and the 
Luukkonen LST 1988 Test. 
Under the null hypothesis, 3,000 replications of the basic nonlinear specifications (i)-(v)  are 
generated.  Samples of different sizes   from 40 to 1500 data were used in order to evaluate the six  
nonlinearity tests. Before checking for nonlinearity we remove linear dependencies by fitting an 
AR(p) fit to the simulated  series for the five alternative tests. This way we make sure that the 
rejection of the null hypothesis of pure noise at the specified threshold level is due only to 
significant nonlinearity. These results are summarized in Table 1. 
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Table 1.   The Power of the six tests for testing linearity. 
 
                                            The Power of the five tests   for the   specification : Zt=0.4−0.5Zt−1+0.6Zt−1at−1+at 
                     Tests  Number of Available Observations 
    40  100 200 300 400 500 600  700 1200  1500 
1. The Hinich Portmanteau 
Bicorrelation Test  3,4 50,8 69,8 79,7 86,0 89,8 91,8 93,8 95,2 96,1
2. McLeodi -Li Test  8,6 71,2 93,1 98,3 99,2 99,6 99,9 100,0 100,0 100,0
3. Test for nonadditivity 
Keenan (1985)  0,5 32,0 56,6 72,7 81,2 86,0 88,1 90,0 91,8 93,3
4.  ARCH  Test  2,6 88,3 98,9 99,8 100 100 100 100 100 100
5. Luukkonen LST 1988 Test  2,3 86,3 99,0 99,9 100,0 100,0 100,0 100,0 100,0 100,0
6. Suggested Test  21,4 80,9 96,9 99,3 99,9 100,0 100,0 100,0 100,0 100,0




1. The Hinich Portmanteau 
Bicorrelation Test  0,8 36,5 53,3 59,6 66,3 73,7 78,9 86,4 90,5 93,0
2. McLeodi -Li Test  16,1 19,8 29,2 43,5 58,0 72,8 82,8 89,6 94,7 97,2
3. Test for nonadditivity 
Keenan (1985)  0,3 9,1 31,2 51,9 71,1 84,0 91,3 95,4 97,6 98,5
4.  ARCH  Test  2,7 59,4 79,5 91,7 98 99,5 99,9 100 100 100
5. Luukkonen LST 1988 Test  1,0 37,0 52,7 58,6 63,5 72,3 78,1 86,0 90,6 93,0
5. Suggested Test  99,1 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0
Power of the six tests   using the   specification : Zt=(0.004Zt−1+at)(0.55Zt−1)+at. 
1. The Hinich Portmanteau 
Bicorrelation Test  1,4 16,4 25,9 32,0 38,3 42,4 47,1 49,0 53,6 56,1
2. McLeodi -Li Test  2,1 14,9 32,4 47,1 60,2 71,5 79,6 85,7 90,7 94,2
3. Test for nonadditivity 
Keenan (1985)  0,4 11,0 14,1 16,8 18,0 17,8 20,2 20,4 20,7 20,6
4.  ARCH  Test  2 34,2 62,4 78,5 87,6 93,5 96,4 98,5 99,1 99,4
5. Luukkonen LST 1988 Test  1,8 34,1 61,6 76,5 87,1 93,1 96,5 98,1 99,0 99,6
6. Suggested Test  6,6 11,5 15,3 19,8 22,0 24,2 28,1 29,9 34,0 36,6
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Power of the six tests   using the   specification: Zt=at−0.3at−1+0.5at−2+0.6atat−2−0.2at−1
2. 
1. The Hinich Portmanteau 
Bicorrelation Test  1,7 15,7 24,4 30,3 35,7 38,2 39,2 42,1 45,1 46,2
2. McLeodi -Li Test  2,4 15,7 32,1 47,5 60,1 72,1 81,4 87,5 92,0 94,9
3. Test for nonadditivity 
Keenan (1985)  0,3 4,7 6,3 7,5 8,7 9,6 10,9 12,6 13,6 14,9
4.  ARCH  Test  1,7 17,1 29,8 43,4 55,4 65 72 77 81,5 85,9
5. Luukkonen LST 1988 Test  1,6 17,8 31,6 42,4 53,7 62,5 70,8 77,5 83,1 87,1
6. Suggested Test  24,1 77,2 95,8 99,4 100,0 100,0 100,0 100,0 100,0 100,0
 
Power of the six  tests   using the   specification: 
   
1. The Hinich Portmanteau 
Bicorrelation Test  2,0 34,9 63,7 78,0 89,0 94,2 97,0 99,1 99,6 99,9
2. McLeodi -Li Test  5,9 19,6 36,8 51,4 64,6 74,5 82,6 88,6 92,8 95,3
3. Test for nonadditivity 
Keenan (1985)  0,1 23,3 78,6 76,4 64,1 75,7 81,5 87,0 86,3 86,0
4.  ARCH  Test  1,6 11,5 19,9 25,6 30,9 36,1 41,3 46,4 51,4 55,1
5. Luukkonen LST 1988 Test  1,0 12,3 16,8 24,6 30,4 35,8 39,6 45,5 50,2 52,5
6.  Suggested Test  25,9 93,2 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0
 
Source: Monte Carlo Experiments. 
 
   8
4.   Conclusions.  
  
            In  this  short  paper  we  present  a  non  linearity  test  for  time  series.  In  order  to  test  its 
properties in small and large samples we conducted a Monte Carlo experiment with five nonlinear 
specifications and five alternative linearity tests. 
 
            According  to  our  Monte  Carlo  experiments in small samples the suggested test over 
performs the power of the alternative tests in the majority of the nonlinear specifications used in 
the experiment. In large samples the six tests converge although we note a limiting over 
performance of the suggested test in most cases.   9
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